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The study of the general properties and stability of charm stars with a net electric charge is
performed within the MIT bag model framework. We consider two different models for the electric
charge distribution and demostrate that both imply stellar configurations with larger masses and
that satisfy the equilibrium condition. The dynamical stability against radial oscillations is inves-
tigated. Our results demonstrate that the eigenfrequencies are modified by the presence of a net
electric charge, but the instability, previously demonstrated for the electrically neutral case, is also
present in charged charm stars.
I. INTRODUCTION
The description of the hadronic matter present in the
densest neutron stars remains a challenge for the theory
of strong interactions – the Quantum Chromodynamics
(QCD) (For a recent review see, e.g. Ref. [1]). Since
the proposition that the ground state of strong interact-
ing matter should be described in terms of quarks de-
grees of freedom [2, 3], many studies suggested that the
densest observed neutron stars could actually be quark
stars [4, 5]. Although the most known form of quark
star is the one that contains roughly the same numbers
of up, down and strange quarks, the so-called strange
star [6–11], other forms of quark stars have been investi-
gated [12–14]. Quark stars containing only up and down
quarks were not expected to exist, but recent studies sug-
gest that the stability of dense quark matter in bulk is
model dependent, implying that quark matter may not
be strange [15]. In our study, we will assume the validity
of Bodmer-Witten hypothesis as proposed in the MIT
bag model framework [3] and that the densest neutron
stars contain strange quark matter (SQM).
One important consequence of the Bodmer-Witten hy-
pothesis is that for very large values of the energy den-
sity, charm quarks may be present in the star, consti-
tuting the so-called charm stars [13]. In the quark star
scenario, charm stars present themselves as a last possi-
bility because bottom and top quarks are too heavy to
constitute any stable configuration [4]. Electrically neu-
tral charm stars were previously investigated by Kettner
and collaborators [13] in the MIT bag model framework
and more recently by Jime´nez and Fraga [14] using an
approach based on dense and cold perturbative Quan-
tum Chromodynamics (pQCD). One of our goals is to
expand these previous studies for the case of charged
charm stars. As demonstrated in Refs. [17–19], for the
case of charged strange stars, the presence of a net elec-
tric charge modifies the general properties of the star,
implying e.g. heavier stars with a larger radii. In partic-
ular, the stability against radial oscillations is modified
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by the electric charge distribution within the star. The
results presented in Refs. [13, 14] pointed out that neu-
tral charm stars are unstable against radial oscillations.
One important open question is if such conclusion is also
valid for the charged case.
In this paper, we will investigate for the first time the
equilibrium and stability of charged charm stars. In par-
ticular, we will analyze the hydrostatic equilibrium for
different electric charge distributions inside the star as
well as the impact of radial oscillations on the stability
of charged charm stars. In our analysis we will assume,
for simplicity, the MIT bag model equation of state (EoS)
[20], which describes the quark matter as a relativistic de-
generate ideal Fermi gas of quarks and the confinement
is taking into account by a bag pressure. As shown in
Ref. [19], the MIT bag model predictions are similar to
those derived using a more realistic EoS.
This paper is organized as follows. In Sec. II, we will
present a brief review of the formalism, presenting the
stellar structure equations and the MIT bag model EoS
for massive quarks and leptons. In addition, the chemical
equilibrium for quark matter containing the charm quark
will be discussed and the models for the electric charge
distribution are presented. In Sec. III, we will present
our results for the mass-radius profile and for the funda-
mental mode of oscillation of charged charm stars. The
equilibrium and stability of charm stars will be discussed
considering different values of the net electric charge. Fi-
nally, in Sec. IV, we will summarize our main conclusions.
II. FORMALISM
In order to determine the general properties of charged
quark stars we have to solve the stellar structure equa-
tions obtained from the Einstein-Maxwell field equations,
for a line element of the form ds2 = e2ν(r)dt2−e2λ(r)dr2−
r2(dθ2 + sin2 θ dφ2) . These structure equations consist
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λ , (1)
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, (2)
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m
r2
− q
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r3
)
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+
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4pir4
dq
dr
, (3)
dν
dr
= − 1
+ P
(
dP
dr
− q
4pir4
dq
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)
, (4)
where ρe(r) is the electric charge density, q(r) and m(r)
represent the charge and mass within radius r, respec-
tively. The metric potential λ(r) is of the Reisser-
Nordstro¨m type. To solve this system of equations one
has to use their respective boundary conditions (for more
details, see [18, 19]).
The stability of a stellar system can be determined by
solving the pulsation equation [16, 21] alongside the stel-
lar structure equations. The pulsation equation consists
in a Sturm-Liouville eigenvalue problem
d
dr
[
P du
dr
]
+ [Q+ ω2W]u = 0 (5)
where u is the renormalized displacement function. For
a charged system, we have that [22]
P = eλ+3νr−2γP , (6)
Q = (+ P )r−2eλ+3ν×
× [ν′ (ν′ − 4r−1)− (8piP + r−4q2)e2λ] , (7)
W = e3λ+νr−2(+ P ) , (8)
where γ is the adiabatic index. The eigenfrequencies ω
determine if a stellar configuration is or not stable. If ω
is real (ω2 ≥ 0) the star is stable. On the other hand, an
imaginary eigenfrequency (ω2 < 0) leads to an exponen-
tial growth of u, resulting in unstable solutions. Since
Q is real, we have that ω20 < ω
2
1 < · · · < ω2n < · · ·
thus, looking only at the sign of the fundamental eigen-
frequency squared (ω20) we may determine the stability
of the star.
The solution of such system of equations depends on
the EoS and on the electric charge distribution. Regard-
ing the EoS, we chose to use the MIT bag model one, just
for simplicity. This EoS considers a Fermi gas of massive
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FIG. 1. Particle number densities normalized by the total
number density as a function of the central energy density.
quarks and leptons, given by [4]
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∑
i
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i
ni =
∑
i
gik
3
i
6pi2
. (11)
where the index i corresponds to the fermions species
(i = u, d, s, c, e−, µ−), gi is the degeneracy factor and
B is the bag pressure. The relation between the par-
ticles chemical potential and their momenta is simply
µ2i = k
2
i + m
2
i . Both pressure, energy density and par-
ticle number density are functions of the chemical po-
tentials, which are related in order to satisfy chemical
equilibrium. Considering that the quark star is on the
final stages of its evolution and that the neutrinos have
already left the star, we can say that the quark matter is
in β-equilibrium, resulting in
µu = µc , µd = µs , µe− = µµ− , µu = µd + µe− . (12)
From the relations above, we see that from the six chem-
ical potentials only two are independent variables, so we
still require a last expression to relate them. The last con-
dition to determine the chemical potentials is the global
charge neutrality, expressed as q =
∑
i
qini = 0, where
ni corresponds to each summed term in Eq. (11) and qi
are the respective electric charges. From this, we nu-
merically obtain µe− with a root finding method while
keeping µs as the independent variable. The relations
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FIG. 2. Left panel: Total gravitational mass as a function of the central energy density for quark stars considering different
values of β. The black filled circles in the left panel represent the appearence of the charm quarks in the system. Right panel:
Total gravitational mass as a function of the radius for quarks considering different values of β, with the black filled circles
corresponding to possible charm star configurations. The predictions for β = 0 (black solid curve) correspond to electrically
neutral quark stars.
between each particle species number density and the en-
ergy density are presented in Fig. 1. We clearly see that
the production of charm quarks starts on a very high en-
ergy density regime, which corresponds to a threshold of
153.7 GeV fm−3. For higher densities, the contribution
of muons is non – negligible and similar to the electron
number density.
It is important to emphasize that the global neutral-
ity condition does not imply in the absence of a net
electric charge in the star. In fact, quark stars are be-
lieved to have a quark matter core with a surrounding
electrosphere [6, 17] generating ultrahigh electric fields,
of the order of 1021 V m−1. The electrosphere interacts
with quark matter through electrostatic interaction and
they are separated from each other by several hundred
Fermi [6]. These ultrahigh electric fields generate a pres-
sure [17, 18] that grows with increasing charge through-
out the star and reaches the same order of magnitude
as the pressure from the quark gas near the stellar sur-
face. The pressure from the electric field also has to be
balanced by gravitational attraction, implying in stars
with larger masses and radii. We will consider two types
of charge distribution, as was done in Ref. [18]. One is
proportional to the third power of the radial coordinate,
q(r) = βr3, where β ≡ Q/R3, and Q and R are the
star’s total charge and radius, respectively. We use β in
units of M km−3. Hereafter, we will denote this distri-
bution by β-distribution. Moreover, we also will consider
a charge density proportional to the energy density, i.e,
ρe = α, where α is a dimensionless proportionality con-
stant [18, 19], which will be denoted as α-distribution. In
the next section, we will present our predictions for the
total gravitational mass as a function of the central en-
ergy density for charged quark stars considering different
charge distributions. We also will estimate the eigenfre-
quencies from the radial oscillations modes and discuss
the stability of charged charm stars.
III. RESULTS
Initially, let’s consider electrically neutral quark stars.
Our predictions for the total gravitational mass as a func-
tion of the central energy density and of the radius are
represented by the black solid lines in Fig. 2. The results
presented in the left panel indicate that the neutral quark
stars have two branches of configurations in equilibrium
that satisfy the condition ∂M/∂c > 0. The first one
corresponds to the widely known strange stars and the
second one corresponds to charm stars. The appearance
of charm quarks in the system is represented by the black
filled circles in the figure. The results presented in the
right panel point out that the possible neutral charm star
configurations are characterized by a mass of the order
of 1.2 M and a very small radius (≈ 8 km).
In what follows we will investigate the impact of a
charge distribution within the star in the basic properties
of the charm star. The results for the the β-distribution,
where q(r) = βr3, are also presented in Fig. 2 for dif-
ferent values of β. We have that the presence of charge
increases the gravitational mass and the radius of the
stellar configurations because of the high pressure due to
the electric field near to the surface of the star. As in
the neutral case, the appearance of charm quarks in the
system occurs for energy densities above 153.7 GeV fm−3.
Our results also indicate that the presence of a electric
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FIG. 3. Left panel: Total gravitational mass as a function of the central energy density for quark stars considering different
values of α. The black filled circles in the left panel represent the appearence of the charm quarks in the system. Right panel:
Total gravitational mass as a function of the radius for quarks considering different values of β, with the black filled circles
corresponding to possible charm star configurations. The predictions for α = 0 (black solid curve) correspond to electrically
neutral quark stars.
charge distribution also produces equilibrium configura-
tions where ∂M/∂c > 0, with the associated radius in-
creasing for larger values of β. Such behaviours are simi-
lar to those derived in Ref. [19] for charged strange stars.
In Fig. 3, we present our predictions for the total grav-
itational mass as a function of the central energy den-
sity and the radius considering the α-distribution, where
ρe = α, and assuming different values of α. Similarly
to derived before, the presence of a charge distribution
implies charm stars with larger masses and radii. As in
the case of charged strange stars [19], the predictions
are strongly dependent of the value of α. One important
aspect is that equilibrium configurations are present for
all values of α.
The results derived above indicate that equilibrum
condition ∂M/∂c > 0 is also satisfied by charged charm
stars. As discussed in previous studies [13, 14], such con-
dition is necessary but not sufficient to determine the sta-
bility of charm stars. In order to establish the stability,
it is fundamental to analyze the behaviour of the radial
oscillation modes. In our study, the stability of charged
charm stars will be investigated by the analysis of the
sign of the fundamental eigenfrequency throught the sign
of the function Φ, defined as Φ(a) = sign(a) ln(1 + |a|),
where a = (ω0/kHz)
2. The results for the β-distribution
are presented in Fig. 4. We have that positive branch
occurs for small central densities, where are the con-
figurations for strange stars. On the other hand, for
the energy densities associated to charm stars (c ≥
153.7 GeV fm−3), the fundamental eigenfrequency is neg-
ative, which implies that the charged and neutral charm
stars are unstable against radial oscillations. Our results
indicate that such conclusion is not sensitive to the value
of β.
The predictions for the α - distribution are presented
in Fig. 5. For this distribution we also have that for the
energy densities associated to neutral and charged charm
stars, the fundamental eigenfrequencies are negative. In
contrast to the β - distribution, the predictions are de-
pendent on the value of α, but the sign of Φ(a) is not
changed by increasing α. Therefore, charm stars are not
stable in Nature, independently from the presence of a
charge distribution. An important open question is if
charm stars could exist for a brief period of time, say,
after the collision of two neutron stars or strange stars.
IV. SUMMARY
In this paper, we have investigated, for the first time,
the general properties of electrically charged charm stars
within the framework of the MIT bag model using dif-
ferent electric charge distributions. We have shown that
a net electric charge in charm stars leads to stellar con-
figurations with larger masses and radii. We have shown
that the presence of a net electric charge implies in charm
stars that satisfy the equilibrium condition, ∂M/∂c > 0,
as previously derived for neutral charm stars. We demon-
strated that charged charm stars are unstable against ra-
dial oscillations. Our results indicate that charm stars
cannot exist as stable systems in Nature, regardless of
their electric charge.
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FIG. 4. Fundamental eigenfrequency vs central energy
density for charged quark stars, using the β-distribution for
different values of β. For convenience, we used Φ(a) =
sign(a) ln(1 + |a|), where a = (ω0/kHz)2.
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density for charged quark stars, using the α-distribution for
different values of α. For convenience, we used Φ(a) =
sign(a) ln(1 + |a|), where a = (ω0/kHz)2.
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